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(54) STORAGE SYSTEM 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a storage 
system having a scalability capable of fully coping with 
the band expansion of a network at a low cost. 
SOLUTION: This storage system is provided with a 
storage device 17 capable of storing file data, a plurality 
of file servers 12-1 through 12-n performing file 
processes in response to requests on file data to the 
storage device 17, a file server management node 11 
managing the transfer processes of the file requests 
received from clients 2 via an external network 3 to the 
file servers 12H (i=1 through n) and the response 
processes to the clients 2 for the file requests, and the 
internal network 14 communicatably connecting the 
storage device 17, the file servers 12H, and the file 
server management node 1 1 together. 
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i ] ? r << )^-$ & IBS l o «evsb 

/ wa 5 ? 7 << )\>?-z * *-5c«3-r & 
[§if #31 5 ] a^T-f ;uif— / <<gms - K*<. 

gy^xx h*«f»0>*«flS!Rfzj6i:rttU^xx 

1 ^[wIB®OX h l/-vvXfA 0 
[O 0 0 1 ] 

h U-vvX-rixlc^-T^o 
[O 0 O 2] 

-f;i/yXf A (NFS : Network File System) ££JJB 
LT LAN (Local Area Network) ?<£ £ <DffiW.<D V h 
7-^ 1 O 0±IC77-r^-/^2 O O $«gL, CCO 
y 7 ;U"9— 2 00CSCS I (Smal I Computer Sys 
tern Interface ; — rx*>v— J £0ftf*L*) 
(D-T ? x— X 3 O 0 S*Ltr*EH8l4 OO? 



7> hs o orao>:77-<;u***na-r**&*«fi<» 

©77-<^-/^«S'«s (ft 1 ?) -r*a>rz»n» 
stare e r ? r -f juij— / WttKr=*frMtfc 

[O O O 4] ®**B»lc*ttiLfc^X^Al*« ■ ft* 

C*t6<DRH*»a-r**ftt IT, jfi*^ NAS (Ne 
twork Attached Storage) rt<£l^£;h,"C l*& 0 ZONA 
SI*. ±E0^7-f;Utr- /*2 0 0&tfZ*B«Si4 
oo*v6«««» (01 6 

OX h U-i^>X^A<h LT«S*;llfc*a>(::«3 L> 
■e. 77^^WiIt^^v^fAT% ->X^ACD 
[0 O O 5] 

9*N ASIZfcl\rt. ^llallriiA/^lx^L ANO 
&m%k*l 1 Gbps, 1 O G b p s 

SK) icflSzix hX+#lz#j£-e#£x>r-vtf' J^-f 
W6*itl^l^L^MH:8oT^4. ■ Sflt 

*B*BB*JtK-rscfcic«i:y. coign, 7 

*EffiKH * *tx L * 5 c iz « o 
[0006] o*y, -tlH<D^r-<;u-9— /<2 o o&tf: 
rftCIKl4 0 0tftM (3t5t) LrSltSwtfcft 

^(Dtzft. 77^^*-/^** (ft 2 *) * 

T% h7-^OSatt*i:^LTiaX 
[0 0 O 7] 

tod. *^OXhl/-yyXfA (»*3H 1 ) li. 7 
T-fiU-r-**E«L5*EitKltt. COE<I^M(c 

T<;U-tr— W*^h7->**Lt*7-f7> 

h^t>s^i*4x^> y^xx K^±fS77-f;u+»-A^a) 
&i£&mt* fa)'j^ixhi^ti)^7'<7>h^0 

JlEOEttSS, 77-fM-/tttf77^;^- 
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[0008] ::t\ ±IB0)Mtt^9 h^-^cifi. _t 
ISO ? 7 *f /uu— / W»3 ? r -f * * 

2) % ±&0)Z?7<<J\'-y—'< < §mS— K&tf^r-ou-y- 

a* i*. JtEo^-ouu— /<fi/- K&tf^r-ou 

y^IZ^^T. CCD*— Atr- /St-tEO)***^ 

[0009] &tz. ±iaa>77^;nf-/<ta/-K 
IS. 0D*t£. -tEeoy^xx h(0fc^£8MJhr£'J*x 

y * xx h £!$5£<7> ? r •< ;u-9— \*icg^-r ^ 'J £ 
xx h«3l»i:**«i:iLTfllfiE*H-&a)A<»*Ll^ (if 

[0 0 1 o] 

(a) -xtt^ffia>Kn 

IS 1 l***W0)-jtS6»m^ Lt(OX h U-yvXf A 

t\ C (7)131 (C^-fX h 1^-vvXfAl (&T. mic 
TvX^Alj <ttl*5) I*. K9-^ (00* 

tf. ^^e^h-f-^^h (SflM*) ) 3 

tWc^gscD* ^ r > h 2 rat? ? r << ;u***R«r £ 

tztbO>i(DT-fo-oX. 'J2VU?£ (Redirector) 1 
1, SSONFSif-^ A) 12-1- 

1 2-n, Alf— /*1 3, ^^M^E'J (Shared Mem 

ory) 1 5, I B-FC^J-Kl 6, — ^IHllg® 1 7 
Cf>fX{7SI^f-^I (DTD 

rfcy. c*t£0)3-=i:>7K— h i i , i2-i t i 

3, 15, 16, 1 7*<0IJjl[£4~1 0Gb p s (^f*f 

\±v h/eo saoics (net) c-r>^ 

-f~/*>K (Infiniband) ] X-f y? 1 ) 1 4^Ltffi 

[00 1 1] I(DJ:^(:yXf A^0)&=i 
h CJ«f-fl/^*11, N F S+r— 12-i, * — A 
-9— A1 3, -*IB«KB1 7fcif) h^- 

i i 4-ett«-r«»n (*^x* y >^) ztz^t 
■e> Mi:jsi:tNFs^i 2- i *>-*b«k« 
i 7t«»*7 h9-^i 4 iz&ffi-rtiitffim^MWL-f 

£c<h*<-e£. HSfl*-;/ h7-^3CD®«SS>5:if^J^ 
Cfctt»tt (U, 7*-feXtefgft<£) A^«fr|fg±-T 

[o o i 2] c^r*. ±Ea>y *V (77-f 

-/^fiy-K) 111*. h9-^3^Lt 
^-b— v (felT. mi" ry<7xxhj £05) 0>nfs 

if-Ai2-i c i =i ~n) ^o>&&mmt* *0>v 



2- i ^X&Effi&gl 7 £itl£Lf::<h 

[0013] fete. ±IB(7) ry^xxhj -*IB1S 
gn 7i^iati^^77-<;u^-^ (jut. miz r? 
7<o\,\ t=bi^5) \zM-rzm**nmL. ? 

■fexfc<t*jb<fc£ 0 «.^*f7>h2*^fi. 
WIZ. C0>y $V 1 1 ic^^tlfc I P (Intern 

et Protocol) 7KL/X0^#It^S e ^£y. * 

[oo i 4] fit, ±»Lfc«fc3«rtMs*i*5w-'< 
< . * y $v l/^ * 1 1 izit. mz-itm 2 £ 5 

ir. h7-£3ffl<7M>*:7x-X£g«rr& 
**e-y h-f— h* — Kl 1 a. vX^A^SJ 

>^-f K*— Kl 1 b. Ctv^CO^^i— K 1 1 

a, 1 1 btltCibkLXSM (Ujf-f U^$ri 1) (7> 

c z-o*y h9— ^^p-bv-y-i i c^ifif^-ri>±r* 
rifctoco^^y (^fangp) i i d<p^«**L 

[0 0 1 5] fcfc. Kr7 — ^^PHz^-y-1 1 ctt, 
Z*tt>CDn>7K— hi 1 a-1 1 diPCI (Peri 
pheral Component Interconnect) /^X 1 1 e$^Lt 

7— ^^p*^*i 1 cli. Mt*y V^t—I 1 4^n 

h7— ^3itora-c2is**i^y^xx K^-eo> 
y ^7 xx nc»-r*y (Jts) y^-t— 2?tt£o> 
£9 (^p h=i;uSSI*^t»^t;) ^ ^7-<7>h2 

3^6»«S*v4y^xx K (^PhaJI/) 0»«f, -^0) 

»ttesic«^f = r^42X7T-<;u*a>*S f mu 

^xx K0)gMNFS^-/n 2- i <D*5££±f£fr 

[OOI 6] fiP*.. ^7-Y7>h23b>bO'J^XXK^ 
««L. 477^^-/n'1 2- i IZJ^-IZ 
M(DSUNFS-9-y<12-iC) y*xxh*<3te2i 

a Ltz y. i^— ^ r-f ;hcoi^t<d y ^ 
xx hi*f^ cn f s-9— /^i 2- i icay Stt, NF 

Str-/^1 2- i r B lT*^7-f VUT'^'trXS^^e^*^ 

«fc 5 1= wm l y -r ^> - 1 a<t*^ ^> <*: 5 r^TS o r u>^ 0 

[OOI 7] ^(Dtztb. ^7h7-^^P-b7+M 1 
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del*. ^om&o&mzmsT&t. *<Dcfc3&«f£ 

(2) ZCD'J^xx hJBtftti 1 1 <D»«fe*l=JEBi:r 
gfl'J *XX h^O)NFSt-Al 2- i IzRiS-r 
£|J^xx hlfc&Sfll 1 2tLXO^m 

(3) «J*XXHESffl1 1 2|Zcfc£>i^(Z>'J*XX h 

IIEStll 1 3<hLT<7>«ftg 

(4) N F Sit— /^ftSftftf- ^> (daemon) 1 1 5 

1 14t LX<D&M 

CtUzj:y« ±E©ij*zx h«2iSPl i 2 14. JlIEO) 
K&MEBtti 1 3 iCcfcSlfc&Hgfz&^UT^-? 
r-f yu^co^r-f yuiw^-r^u^xx h£[3— n f sit 

— /<i 2- MzRsufcy. NFst-/««fiaf- 
S^rt^l^NFs i 2 - i icftfly^xx h£ 
[ooi si aot, «aaa**«fz«±r*t4:ti 

{::. §NFSt-;<l 2- i lci$— |c U 0xx h^est 

tf^^O-e. -90)N F St-/<1 2 - i tfttttf** 

t'Jl 1 f O^E'J 1 1 dT?£cfcl>) d^-v-z^zL LT 
fc£ (B3#R1) . *^-f7> h2?!)>b^^!ta7^-b 
XlZOlvCCD'J^XX h*gl*££. *-*\ *Y^>zl 
*^E'J 1 1 f (&*IM4* /^E'J 1 1 d) £?x?9 L 

knf sit— /<1 2- i Alt— /*1 3icis*-r 
S d £ & <) 7Zs h2ffl(Cjg*T (04#I) £5 

[OOI 9] Z0>tfcffl<*[4, >^1f80)^^f7 7>f 
X<D y 7 << V vat &<fc 5 \Zf & t 

1 1 cW^tXgSOlit^T'f £ SaBtfttl 

(&41M4* >^E'J 1 1 d) rr^r^^i/3.-T«j:5l=L 

[0 0 2 0] IBO+W^ay^E'JI 1 f 

(&&IM4. >^E'J1 1 d) 14. y^xx hMSttiS^ 

itl 1 c(4, Srfcfc'J^xx M)m£y7<<Mz-Dl\T 



y^y i i d) iz^r-w^^LTfcUNfcy^^-ry^-tr 

— ^*^5-<7>K2^aS-r^§SPl 1 6 (E!2#1I) 

[0021] COcfc^dLT. 7*-feXjIffia>K^1i$8 
(>*lf$fi, (rHLr(4. 'J^b^ 

£ i 1 «!t?4V'r>aLt, n FS^-n f i 2 - i icy 
?xx h£i*2|-r&c£«:< U *V U££ 1 1 
SlLTL£xl4. T^-bX^^lNitad^-r^^^ 
-<r>h2^<DlSS51fi^*:tilc|RiJiL. *vXfAr 

<t LT<D«3iaflEat;«3iiii*3btj|iaittizrti±-r*c:fc 

[0 0 2 2] -bIBCD N F Sit — 1 2 - i (4. * 

tl^tU 'jy-f 1 1 ^t>K2!3F*lT#fcy^XX 

if) rtffl*^ h-7— ^ *X-f v 

1 4^fiT*-*lB1tSg1 7{C7^-feXLTilJ£L 

ty* f©^7-r/naies* | j^xx ktco^^-yt 

[0 0 2 3] NFS»-^1 2- i (4. l*-***L 

/\— K^iT#Jlcl4. #J*.l4El5(=:jF-r £51^ C 
PU (Central Processing Unit) 1 2 a, ^ 'J (£ 
fHUSP) 12b&W»7h9-^14i:^>$7 
x-X (^Pha«»« SSit^'1'>^7i- 
X*> — K(IB-IF) 12c £*-&xT<f > 
^E»J 1 2 blclBitSFttfcN FS-tr— /<V7 h-)i7 (^ 
P^7A) ^CPUI 2 aA<S^oT»ft*r^Ci:lc 
cfcy. ±&LtcN FStr-^1 2- i <t LT<7)®f£*<H 

[0024] C*lt>0>N F Str— /<1 2 

-/<i 2 - i -eS3i7T-f^«A<s*ofcy. ji 

S-9— /^1 2- i -eHC*977^^«rcttofey i:t^ 
ofc^»^±C. NFSit-/n2-if H 1t*77^;i/ 

[0 0 2 5] C(DJ:a*^^*fi?^-r^O)^JilBa)^ 
— /<1 3^*^o O^y. Ait— 1 3 

^Cfcl^T. N F Sit— Al 2- i frt>Ot ^tf«T^-tr 
X^-Tc^S-T^Ci:!?. ^rTCONFSit— /*1 2- i 
l^*>lt^§S^T-r;u«SFBl$l OICLT. NFSit— 
/\*1 2- i r B lT*C7>^7-r;U7^-bX^^l5]ig-r^CD-C 
fc£o «ot, C<D*-Ait-/<1 3^^->Sx^Z<tlC 

[0026]'4fc\ Hi +fC3K-r«fc?l^ 2^^— Ait— 
/^l 3(cl4. ttttftifOllttft^ (^^» Ic^TSxT 
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/\*i 3lcot>rt. /\— K^x7^](ili, NFSif- 

1 2 - i <tf^«<DlS^ (@5#I) % fiP*>. C PU 1 3 

a, yqE»J (±K«») i 3 bAXf?m*v h9--> 1 

4£0^>*?x-X£g^i>^>2:7x-X;b---K 
1 3 cA<j6fi**LTj3y. ^(Dm^t. J*^E»J13b|Z 

CPU1 3 a*«R*ttoT»frr5C£f=«fcy. Jl&L 
fc*-Ait- A1 3±LT<D«IBtf*«'**L*,fc3lzft 

on**. 

[0 0 2 7] JriBCB^^'J 1 5f*. ±EO'J 

N F Sit— 1 2 - i A*— 
/*1 3 3^-t*t^*tW«*!y h7-^7 1 4 £rt-LT7<7-tr 
XRTttfty^U-C. ^NF Sit— /<i 2- i 

m%±m \z % ^NFst-A f i 2- i fc«iM*stAi 

CD*— A+r— /<1 3£>*&^£tt<DN F Sit— Al 2-k 
(k = 1- nt'k^i) fc&lMi^fiifflCD*— Ait— /< 
1 3fc?|J«Cf=i60lf$g (JUT. 5l«^fit«) fc^it 
— /\1 2- i , 1 3j5ljf^y ^E'J ^3— K (Shared Memory 
Card) 15-1-15-m (mfiS«S») 

■> c 

[0 0 2 8] -tiSO^N FSf- 2- i 

(CPU1 2a) £L<li*— Alt— /<1 3 (CPU1 
3a) Ig^W^^.t^NFSif-A*1 2 
-i t L< fi^<iffl<D*-A1t- 7*1 3fC»S*5l«C 

ft-r«3ltK«««MB««1 2 1 (131) (B5#tH) 

[O 0 2 9] &£>\ N F Sit— /<1 2- i 0^>li. 
W^tfHsrcfiSWfZ^-r^dfC «ffl<D*— A*— 
13 (CPU 1 3 a) rt<N FSIt-A^af-^^l 3 
2*/«7iry7'»K'C*fTt4Ci:«au SUB© 
*-Ait- /*1 3(0^^>tt. WiUiBSfzgUtWiziF 
"f <fc 3 13. ^ffitfflO)*— Alt— 13 (C P U 1 3 a ) 
A*— /<S«7— ^>1 3 3S/<y*if7 I »K 

[0030] tLr, miizm^mzTFi-r^oiz. nf 

S*— /<1 2- i (D^VtfttfflSJtfcig^ 

SI) |* % 3RfflO)*— A+r— Al 3 (CPU 1 3 a) 

^«!?>LfcNFS^1 2- i JamcDNFS-tr— 
/*1 2-k tmx.lt* S*5<7)iIl^N FSit— /\*1 2- 
k) iZ^LX. W^LtzN F Sit— /*1 2- i 0)WM 
ttMCXoftTKT&tttlz* i i \ztt 

ItN F Sit — 1 2- i ©ST (X-r* 

[003 1 ] CftlCcfcy. 5l««?«^£SlffcNFS1t 
-/<1 2 — k (CPU 1 2 a) IJ % 1 S\Zfc 

£ 1 4£^rLT7£-tzXLT\ 



NFS+t-/*1 2- i <7>&3i£3li&C (Xf'^S 

3) o COt^ 'jy-f 1 1 (*? K7- 

^□-fe^itl 1 c) li. *— Alt— Al 3fr&±(B0> 

a»tait*ctfzcfcy. «>if:NFst-Ai 2 

- i Kli'J^XX ME&flSl 1 2lzj:4y -27 XX hO)jg 
3H£ frfttoS:^ J: 5 lz-?Z> 0 
[0 0 3 2] o*y % ca>*^a>*— a*— ai 3 (c 

P U 1 3 a ) I*. N F S-9— 1 2 - i 0OH*«£««| 

tt-*-«jiftttBJtti 34 (i^6#fi§) <t. ^(DKttttu 
S5i 3 4t-n fs-9— /<i 2- i (Dmiss&itw&mzti 

f0NFS1t- /<1 2- i JUJKDfftON FSt- 
/*1 2-klC#LT^3£ifeLfcNFS+t- /<1 2- i 
OMtStj'^'Jl 5<B3l«t?flmi:i*-3lvc5|«C 
*33«#»«*^**5IIB*»w»l 3 5 (H6# 

[OO 3 3] ^<Dck5lc s fct^ N 

FSf- /Si 2- i A*— /<1 3tf?<5^Ltzt 

Itt, ffilCDN FSit— /<1 2-k*>^ffi|Jf!tf>*-Ait 
-/<1 3A^S*5I^CZ<t^r-#^CDT% 

FSt-Al 2- i -£>*— A*— /<1 3(7>7^:S{b[zol^ 

N F Sit — 1 2- i (Dl^^lC^lJffiCcfc^fzLTt, 

[0 0 3 4] *IZ. ±^Lfr'J^-r U^7^r 1 1^t)NF 
Sit— /<1 2- i ^(D'J^IX hgMO'J^U^^ 
1 1 N F Sit— A 1 2 - i T-C&Mttttfc&SIZOl^ 

T^-i2X'J<7XX K£gfrr&£. ^O^r-OUT^-te 
X'J^xxh^'J^xxhMSJI 1 1 lzT8?#?-r6o 
[0035] ±ie<7> r^ 7 ^;UT^-bX'J ^XX 

hj I*. «x.liI3i 2{ztf-T J: 5lz % fti^v^vJf 
(Phy Header) 2 1 a «V> I P**y& (Internet Protoco 
I Header) 21b, TCP^7? (Transmission Contr 
ol Protocol Header) 2 1c, NFSa*;?2 1 d<Cif 

*^«^'>jTS2i siBBfz - sftiaifisa 1 7iz* 

« M $ t= H ^ r ■< ; u ^ - * SB 2 2 t £ m L T f& Z> o 
[0 0 3 6] fit, U^XX HR«r»1 11tt % |9 
(c^Mlc^-Tct aic. _tI5<7)^T-r;UT^-bX'J^x 

35 2 1 tm?7<< J^T— 2k<Dm&&^V?*7 

( "a w ) ft if] 2 3HTW e *tot>*lfcSlft« 
82 3(t »J^7XX hlK^SPl 1 2|Ciiftl$n. 'J^X 
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* hSteiil^l 1 2 1*. ±lB^7-r;ur^-feX'J^xx h 
rcatt**ifc*JMI|«2 3*3B# ((**» UTS5M5feO> 
NFS "9" — /\* 1 2- i fZjUtf-f ft„ 
[003 7] 0*y % ±IB0>y hg?«rS&1 1 1 

li. H2*|z$F-rcfc5(z % gfIL7r?:r-OU7$-t?;*y 

^^^SJ2 1 t!77^^f- £Sfl2 2 <tCD^tt@^ 

S*5t^yy*7-l!^ htt2 3 5r*-7-ts? 

V hflMHrflM 1 1 aT*fit)tlfc^^^^-^4z^ hfS2 

3$NFSt~AM 2- i ~4E»*ihft:7r'Oi>7*-fe 

1 bt LT<Dffifi£<t£*LTl*ftC<hfzS:ft 0 

[O 0 3 8] N F S^— /<1 2 - i -t 

^<7>Z:<h < y$T-f U** 1 1 i^j0S*lfc^7^7 
-b^ hfiS2 3fzg-3L\T. N I C (Network Interface 
Card) K^*f/\* (**;/ h*7 — ^7 K^>f/\*) 1 2 2^ H 
^7-<;UT r -^^2 2<h^tLJ^nc0fiiS c^^y«2 
1) <Df?cmTb*ls*H:tl?tl±Q.m (NFSM1) 
(*-*;L,_tteJf ) T?&fc>ftft> y-fe— V 
C^-v^ («««) ;/^77 (mbu 
f) 1 23, 1 2 4] izmVmXZ^ttfVZZ (B1 
0#fiB) 0 

[0 0 3 9] CKB^dlC-r*^ W^lfgll 1 
±<4M^377<;U^X^Aa5l 2 5\Z%\\mLtzt$\-. 
77<^vXfAy^777i 2 6^£>7K-<>£|zttl-m 

*.ft/£it-e. ^-*<d=j e-£&££-t±riz 

. A/\*777 1 2 6|:f-^S 

ftft) o ftot, DMA (Direct Memory Access) 
5HzHfrT-#. NFSt-A f 1 2- i (D&gjlJt&tfffll 
Stt* S^WlcpOi-T * Z £ #T?* ft. 

[oo 40] fefc. ^»^S2i £88:77-01^— - 

2 2ia>*#(4. N I C K^-f 2 2«"e#tf>ftcfc3 
(zTft:i£4>#*t>;ftft*<. d<D*^ NICh f 7^A 

i 2 2^1 elytra) s^ii^-rft (a». n i 

C K9-f/<1 2 2te*3lU-f-V">>?$f 2 1 a<OMtir<Dfr 
£fTfc?) fctf>* JifBOcfc^lZTc*^;/^^ 1 <D#*r 
ttffi (>J^IXMW»1 1 1) **f*U5f-f U** 
1 1 «Tf*#**toft«fc5lcLfc*35^ N I c K?-f 

[004 1 ] J*LtC0cfc5lZ % ^S»Xhl/~vv 
1, fi»(DNFS^-/\'l2-i, A"*— /<1 3, 

^^'J1 5, -*EHgSi 7£i£tt\ c+tt)*^ 



«fcy. I^IC^Ct N F Si*— /<1 2 - i &I2ffiK 

n 7 nsmizm&-t&zLt L^t. nfs^ 

-y\-l 2- i (Dftft (ft 1 *) £fl*lzfrfc5j&K*>Sl* 

-e+»(Z»lt"C#ft lOGbpsLANlt' 

WOTft*) 91* y^-f **ft-r«z 

^w*ft. 

[0042] &iz. ±aLfc*«s»«6-ci4. yy-fu* 

^11^ #N F S*— /<1 2- i 0)*«lzjCCr#N 
FSif-^1 2- i Izft— (zffl3*«»yMST&:h,«J:3 
rriWPLfcy. ^C77^;u:ouro) l J^xx Mz# 
««iitoi:nfsi 2- i (cay arty, 7^-fe 
xHJganSi^r-f ;ucoi*TO>-y*xx mz»lti* 

NFSt-Al 2- i 'J 1 i ffl-e 

* -V ^ J. L T fc l\fc y ^ -f * ^ -fe— i/fz cfc y JE« L 

Tfey. 1 OGb p s LAN*Tf«jtfC»j6RT*B<!:tttt 

[0 0 4 3] (B) Si KKttORqil 

NFSt-/<1 2- i «fclJt,*^NFS^-A f 1 2- 
i^7^-/<12' (B1M) tLTElL 
T\ ZiD^-V*;/^-*— /*1 2' -ecD^T-OUT^-fcX 

f***ttizy^y i 2 biz*rrftR^#arawe*^-r 

7> h 2fflO(C^^iS-r«fc5lC LttJ:^o 
[00 4 4] fit, -SMmrta>y*xxh««aOTJr 
£i»ift (Hffl) iax-tr*feftT^-bx^<7)iSi^7-r;u 

fZOl*TI**W5/J.*— /<1 2' (D^^'JI 2b|Z^p 
^'r>altfc#, ^wvo. tr— /<1 2' jM£«-Tft 

*fc9fcrfto *(*tticr*. *r. yy-f u^*i 

S ft B fit cfc y i M 7 7 -< ; u ^ o 7 * * x 1 z m l t 

I*. *^^*>i-y— /<i 2- i 1?«L3®SfTfe5 J:5lz. 
'J?-<^$12-i^b^-^-A*13, NFS-9" 
-A f 12-i, +A-yv^-Ai2' izm^^-^^- 

fto 

[0045] o*y. cot#. yy-fu^*i 1 (y 

^7XXhK2iaJl 1 2) (4. 7^-fe*SlJg(0igl^:7 7-f 

;ufzoixr<7)y ^xx h*^r«v y>i-y— /<i 2' fzg 
^•rftctfz^fto zttizcty. y<7^7,mm<DMi^y 

7-f;Uz»-rft7*-b^tt. -*8BffiSBi 7fz7^-tr 

x-rftc^7S<^--v^->zL -9-/^1 2' rtx-«as*ixft 

«6*<Z)*«ftfiI±lz*# < SF^fft. 
[00 4 6] -75. ±fH0)7^-trx^jta)^UN^7-f ;u 

ic»-r«7^-bxiiaA«*%T<«t (*-v^>zl-9— 
/^i 2' <z)>-t y 1 2 bfz^v^vzL^^rt^ft^r-r 

;MzM^ft79-bXWK«t|fr£BRttTrc«:ft£:) . 'J 

itfiatr («ittf. jutoieio nfs 
/<i 2- i ft«yiiTTaa»fTt-ftjc?i^- 
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Alf-Al 3, NFSt-/N*1 2 - i f ^A* viszL-V— 

/<i 2' iz«3K-r* D 

[0 0 4 7] 0*y. Ca>*$* V #4 1***11 (U 
^7 XX hifc£3J1 1 2) li. 'J *XX h(D|tei£5fc£** 
•r>if-/^i2' £Ltt0>N F Sit— Al 2- i fc^H 
^-^co-e&^o dfiic^y. T*-trxSlg*<2g*,T£fc 

*-/<i 2' Ki&Kft**yS«WJtT*c 
&i:i:fc(c. ^^y^-Al 2' T?a>*&3lcfc«£ 

[oo4 8] (o mznrmomm 

1 7SFC^7f 1 8gfit^-Af-/<1 3AtfN 
FS*-/\*1 2- i (-*E«*V h9-^^« 

£) U FC^vf18tn»y-Kl9i:*8«t 
-SCi:!::.*: y % x*Ett««i 7lz*»y— Ki 9A*6 

L. wo**. rtSM-Ki 9 :7r-ous/ 

Alt XhU-vvXf Alrt077'f;i'yXf A 
tmCl>0 (±*Lfc«-l»li. NFS;@13*0P 

[0049] CKDcfc 3l::-r3C£-C. i/Xf A 1 
NFS*— /*1 2- i tO>T*'t>Xm'£*i&t1'Z>tz1h\Z 
nSUy — Kl g^bOT^-bXIzoiNTIiW^^olgf? 

fl.£M-Kl 9*6*XH^5 
vXfAl fl0>:7WJU^(D7£izX*n^|zft£ o 

*=u ftixiiBi 4fz^-r<fc5(^ n«M— ki 9**& 

*— A*- /*1 3^0T<7-irx*¥f§-r^cfcd^-r*t 
ttSM — Kl grt^OT^XlCO^Tti/X^rA 

ffMfli«M&i±t t r^«y — Ki 9^t»<7>^r-r;uT 

£-feX*<fTft 5 lzft£ e C0)014TMi. 
rtW*^ h7-^7 1 4f£4-C0>*— A*— /<1 3^(07 
**z*$Wt&'?&Wi'&X'&&1)^ «Jift. 01 3lcfcl*T 

-*EtS^^hr?— if (Fcx-f-y^i 8) «fiT?a>r 

^HzX£l*^£<J:5r::LT*,<fcl\> 
[0 0 5 0] ffilitliHl 5lz^-T^5(c % NFS 

*— /<1 2- i tn»^-Kl 9i:*#iHtLTL*o 

T*«fci*. o*y* nfs*— /<i 2- i 

-f ;u«LS*-*EffigSl 7lc»LTfr<P3ck3lc#rt 
CtUz^y. ***^-f 7> h2*«y$r 
< \y** 1 1 3£&T*7*-feXLT£fci§^l*. NFS* 
— 2- i li_h»LfcX h b-yyXfA 1 (OVt4 
^-/^LtML, itffi. N FS*-/*1 2- i IZ 
7*-feXLT*fc»^l*. V *<< \s* * 1 1 ^mit? 
KJESrsatttD^r-f ;U*-/<i: LT«HM-*Ci:lt 
tt*. 0*y. ^7-f7yh2^b(DNFSif-Al 2 
- i f&mT-0)7*+Z*t N F S*— /Si 2- i £g£ L 



ft I * it ft T ^7 -fe X i: CD M -ft & »S f & <*> T? fe £ o 
[00 5 1] lv***UD»*tu n6P*>fc><Z>S187*-tzX 
*«RMfe£fty* *^hU-y7~+f>f-V c«*. 
IS, SAN (Storage Area Network) ft if] <b0>B^£ 
Ilf^Ct^t^^o ftfc. Hi 4&tfg1 5fcfcu\ 
T. »#2 OttrtfiU*^ h?-£ 1 4ir— &E«3£«i 

[0052] *fc % si 3-Eii 5fz^r««-ei*. fir 
S*iTl*T*J:l\i COcfc5(w-r4xl4. 01 3-01 5 

{ZTjkTtmmz&^Tt,. tmtmma>'*v*Tv?akm 

35<pTffilzft^o 
(D) ^OMtiJ 

ftfc. Jbf*Lfc*lt»«-ei*. h7-^ 1 4i: 

LTInf iniband, M&*y V^) — * 3 t LT^F*ffcfv h 
-f— **v h tin LfcWCo^tRB Ifeft «a 

M % ^*L6tema>ffia>Kii*!y k^— ^tmvcS'X-T- 
[0 0 5 3] ±EG>*— A*— /Si 3*>#*M^ 

y i 5i*i&-rLt»*ftii*i&»4ft<. cti^aHvrft 

-/^icn FsiisLtt^ft *§tw\zztuzm%.z 
Mr. ^ira. ffi©77^ ^i/x^Atis^-r^wirtRr 

[0054] ±J6LfcSll6^«8ri*. 

r>—* i 4 0)§i caflixjK) a<4-i oGb P smm 
^3a>*igat*i=jti:raaMr*itf»j6-e#«. * 
^ni-t**w©aBtaKLftt^iBii-ea^*»L-c 

[00 5 5] (E) WE 

CWE1 ] 77<f^f-«r*EaL3 4Ea8«i, 
y ^ xx h lzj& Ctz 7 7 4 tttB«KBI=M L T 
^rft5ltaa)^7^;u*-/N*i:. nsu^^h^-^s^ 
ir^7^7> h3b^aft**t*y *xx hc7>^^7>r 

;u*— /^0)IBSA9i:. tt>J * xx Mc*hf-£^* 9 
-f T> h^<bfc&$kmt$:—7t < gmTf& ~P r 4 ;u*— A 
M/-Kfc % SEtISM, K^r-<;u*-/<&t/K^ 
T-fiU*— — K*a«W»l=*Hlf«'r*W« 

F7-*A:**ftilT««**tfcCi:t1»«i:"r 
4. X h U-yy7fA B 

[0056] [#E2] »ft»**;h7-^l:, K7 
T -f iU*-/ Wft 5 ^ 7 4 )Ist~* « S-TcgS-T 4 * 
-A*-/W««**Lr^*z:i:S1*«i:-r*, f*E 1 
EK(^)X h U-vvXfA 0 

Cf*E3] »«9*7h7-*i:, ^^7-f;b*-/< 
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OX h U-vvXfAe 

[0057] [#E4] KAtt*? h*7— « ft? 
t -f ^UtJ* — /^Sl/ — K, ft 7 7 -OH*— 

/ W7 9 * X Wtt* ft* J* % ij * *ir l> h 

#E2E«OX hb-vvXfA. 

Cities) S7 7^;t't-/^iy~W ftu^x 

X hOJ^SMt^'J^xx UB*rfflJ£* ft'J^xx 
^;ui*-/<lxfEj£^£'J?xx h$tej£a££^fc:;iTU 

szir^tt^ »ei -401^*1,^1 hicek 

OX h l/-vvXfA 0 

[0058] c#iH6] mz?7'(ji'y—/mms-£ 
S';^xx hs^ajfc.fc^^o'j^xx 

JKK«Eftr*IS£JKBBftff«*4:;U i'J^Xh 
h £ h - ? 7 *f «fc 5 i=«Mt **ifc c: 

[0059] [#157] K77-fM~/<fiy-K 

£&&TZ± : ~>lzmtfLZtitz^t&ft®Lt?Z>. #125 
IBISOX h b-yvXfA e 
[O0 6O] [tf!S8] i77^M-^05*)W 

^^i/iL3«±E*»*m, K^EttfflfzfcHT 
ft 'j O xx h izjfc c/c 7 t -f ;H8iI$ HfT-r > 

5E®OX h L/-vvXfA 0 

«ttr>iLTS< *3l=*rtS*t*4: 4:4,1^ ft 
'J*xxhKi£«*<. ±E©y^xx h«Sfl)»l^7 
-f ^ Ic-DHTO »J £ XX K £ft*-\* ^ is =l 

i=«a-r*j:5i=«**3K*:cts»«tr*. «es 

EScOX h U-vvXfAo 

[006 1 ] [#ElO] K'J^XX htE»«^ ft 
•> i-y— /\*Oft±EH£Sf::** -/ ->;i £*LT l*<5> 
ft:?7<f ;Pf-*l:»t4'J^xx KiftSrt«»r£lH)»& 
Tic**** ftU^xx hOi£a6$fc£K**-y*>i-*-- 
/ <Uft<D 7 7 *T /U*— /<fc*K"r & «fc 5 ttltrt £ titz C 
t*««it4, #!E9iBi(DX hl/-yyXfA c 

[00 6 2] [#Ei 13 K'J^xx hS««B*«* ft 
U^xx hSMLt^S'J^xx hO^^^fflJ^H^ 

Hz* h«*«f»T?»6*tfcft^v4r*7-b^ hfS£ft:7 
7-f;u^-/^R»*4x^ft»j^xx h(c#an-r*^^ 



[0 0 6 3] [#El 2] ft:7 7-OHJ— /W. ft'J 
^ xx hlz#an*#tfcft^^y^-7-b^ hfSCi&^ixT 
ft'J^xx KOft^^<tft^-*®££*;h^;h.;t3 

t-t&^ #151 1 IHm OX h b-vvXfA 0 
C#E1 3] K77-f;Hf-^fiy-KA^ 'J^x 
X htUgOigl^^O^T-OU-x— *|:pUT©B* v 

^->zL^<t. ft'j^xx h^ft^o^T>r;u^-^ix 
#ei~i 2ot>-rtt^i ^izes 

OX h U-vvXfA 0 
[0 0 6 4] [#E1 4] m^T-OW— /W. 

*5l«*ni«E«»t*aicr^*c:t*»«t-r«. 

#E3Xtt#E4l=E«OX hb-yyXfA 0 

c#ei s] ft^r-<;u-9— /«D*«*fe*aai-r* 
Mtttttufls£:* KA»tttt«T?tt:77^ui^/<a>*» 

?7-f tmoteo^T-f ;u-9— /Sir** 

Ltll@77 -f /<0«L3i£ KiMM 'J OK§! 

*«Mt ISKS-^t sis c £ 5 ?i^^fi^^^^^?i« 
^^it^igit^ttfccts^et^-^, #ei 4ie 

t£OX h U-yyXfAo 

[0065] [#E1 6] ftEltgS**. »*y-K 
^ t> O 7 * -b X i m&Tf ^ 5 IzffidL * ti C t 

#E 1 - 1 5 aivftift* 1 «CIStOX h U— 
yyXfA D 

C#E1 7] ft*— A-fr— /W. nSpy-K^t>OT 

#E2-1 5 0)Of ^ 1 ll:|H10)X h U-vi/Xf 
A 0 

[0066] [#Ei 8] ft^7<;uit-/W. ft^ 
h^-^^^HSSfi^tt^'J^xx hicjscfc 
^ t ;u»ai*ttE«aE«i=» LTfTtt 5 <fc 5 
ttfccchs^^-r^. #ei-i 7otx-rtt*M3ii^ 

Et£OX h U— ^i>X^A 0 
[0 0 6 7] 

*E«K«lz»LrfTft3**C!)7T-r /<^r. # 

ms—Ft* Ettss, ? t << ;u-t>— ^ 

— ^ t ^f^xti^ot, &m\zfcCT7i"<()i'-y— 
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[0 0 6 8] fit, ±E<DW«** K9- SMr, ±|B 

a># ^ 7 -f ;u-9— / wa 3 37 7 -f ;u^— * * Tu^ag 

-/<CD5l«S?««SBIftEtt"r 5 1= Ltfe< C <h 
^T*#^CDT% i»l»Stt3b<*ffif-lRlJi-rSo 

[oo6 9] -?t<<}\><*— /\*eiy- Kr*. a 

ft77-f;H^- /n'IzSd-Ic'J^zlx h^SiHT*#^ 
<DT% -S077-1'M- /<l=:fifir*<lll*LTI««£3l 
#jB C L T L £ 5 cfc 5 tt C £ £ 5tHlc R6 jJfT & z A<T- 

««MS*t*Mi:iiRi±-*-*. 

[0 0 7 0] U$XX h«fijb«JKl*:7 7*;Mr 

fcittf. E*ft«^a>r*-fexiijft**«i=iMaw-*- 

^ <>=l ^Fttr ? 7 << )\*^—$ IC**^ 'J 0 XX 

(D^T^^—^r-ffiii^fTad^ai^-rtitt. u^x 
i/ jL-y— /<a>±E««i-»»<i:> u §M£giJM7r £ c: 

[007 1] 7 7^^-/^fI^- KlZfcl* 

y^-^-fe^ hfii£'j^xx m=#j«lt:7 7-oi*»--/< 



[0072] -hiacD^T^ ;u+i—/^fiy- K 

C:oi^T(D0 ^-f7> h^(Dl£§> 7t-vS^A"r> 
iLTfc^ SflLfcU^xx h^O^-OU^f-* 

r>nc»r*it»aaA«**iiwfii±L. *vx-xA£ 
Lro)«i3iaftai^«aaft*35<»H«(cfii±-r * - <t (= 

[0 0 7 3] £fc. ±1E<7>IS1ISS(*. — K*6 

Iz-Ttvl^ ttOX hb-v7-^f ttOM^Rl 

^oT^-fex*s§-r^>«i:3i3-rttii % ±iaa)^7-<;u 

-9- - / J - K £ CO ? 7 -f ;u 7 0 -fe X n ffM 0 ^ ^ 

st-a-ric. ^ai^- K^t><7)^7-r;u7<7-trx^pr^ 

[0074] *t>fc. ±i5a)^7^;nf~/<ii. ±ib<o 
K^-^^^mssm^+L^u^xx hfc^i: 

^ 7 -f ^ tSHSS(c^ L 5 J: 5 L 

-r;u-y— /m&x<DT<7iz*ty7'C jis-y— l 

[H 1 1 **M<D-Slt»m^ LTCDX K U— y >Xf 

[@2] ai i^-sMj^-r u^^<7)^*^-r^p^^ 

[0 3] Si l^-T'J^^ U^^T^^If^^^F^^^ 

[S4] 01 i3^-r«j^-r u^^r-u^^-f ^ ^-tr-v 

[0 5] 01 IZ^-rNFSit- co« 

^*^-r^p^^0-efc^>o 

[06] 01 fZjF-r^MM^EgiCNFS-*— /<0)3I«* 

«« ^ / ^ <7 r 3f-r *•& ^ mwt ^ ^ p »y 
0-efc^o 

[07] meizTK-f&mt^viz/ty^ryzfZtitti 

m &m sics^ i> x 9 ^ > l fc n f s -9— / <(7>«as s ? i 

^Cli^$^t-^fc^C7>^P^^0T'fe^>o 
[0 8] 01 /^0>§|«^ 

0-efc£ o 

[09] 01 (Z^-T'J^-T [s<?$lZt$l\XZ7 7«(J\,7 5 
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0>:?p ^s-c-fc&o 

[Si O] 1^1 ['tf-TN F S-^— /^(Z^LNTS 9 (Z^f 

y^S-efc&o 

[^1 1] S 1 (w^-^N F Sit— A|Zfcl\Tia9f^^^- 
[Si 2] B9-H1 H^-r^T-f^T^tX'J^l 

[Si 3] si ic^-fx hu— vvx-xAic^ixrnaj 

[Si 4] S 1 (w^-TX h U— ^X-rAlcfclxTttSS 

y— k*&<d*— a*— /^a>7*-fe*s»er*«^ 
^s^s^-r^p ^^sT*fe^c 

[Si 5] SI KU— i'S'X^Arz&LvCfttf 

[Si 6] h-7-^±-ca>«*y — k W7>f7> 

1 Xhb-yyXfA 

2 ^7-<7>h 

1 1 U^U^^ (Redirector; 7 7^M-/v 4 fI 

y-K) 

1 1 a fUH'y K-f — fr*? h*— K 
1 1 b -f>7-f — K* — K 
1 1 c K7- ^^P-b^-9- 

lid y^E'J (±IBtt») 

lie PCI (Peripheral Component Interconnec 
t) ) 

1 1 f +*vi/a>*U (^^7VaS) 
12-1-12-n NFS (Network Fi le System) 

1 2' ? i/j-tr— 



12a, 13a CPU (Central Processing Unit) 
12b, 13b y^E'J (±E«S) 
12c, 13c 0^i-X*-K(lB-IF) 
1 3 A*— 

i 4 gil (Wffli) [-< >^>r-/\'> K 

(Inf iniband) 3 »>^) 
1 5 ft^^^'J (Shared Memory) 
1 5-1-1 5 -m > 'J 2)— K (Shared Memory Ca 
rd) 

1 6 I B- FC*" K 

1 7 =xenss 

1 8 FCX-f7f 
1 9 rtfliy - K 

2 O h7-^f^fX^7^^ 
2 1 

2 1 a ftlK^^y (Phy Header) 

2 1b I P^^^f (Internet Protocol Header) 

21c T C P**v4f (Transmission Control Protoco 

1 Header) 

21 d NFS^^y 

2 2 Jt77-f^f~: 

2 3 *y#*7±y hffi («JMf«) 
111 'J^IX hMS 

iiia hfiiswaj 
iiib <^v&X-?*zy ^mntsau 
i 1 2 he^0 
i i 3 &j£mmmm& 
1 i 4 

1 1 5 N FS-9— /tJMMRfll'T— (daemon) 
1 1 6 JS^Sfl 

121, 13 1 3l»2?««lBSiSP 

12 2 NIC (Network Interface Card) K^-f/< 

1 2 3, 1 2 4 /<y~7T (rabuf) 
1 2 5 ^-OU^X-rASP 
126 . 37 7 -f ;U^>X ^ A/< ^ ^ 7 

13 2 N F S-9— /<E8f- ^> 
133 *— A»— /^ElS^r— ^E> 
1 3 4 ft^fefcfcjgp 

1 3 5 3l««r»^ff 



[Si 2] 



21 22 



Phy 


IP 

Hudcr 


TCP 


NFS 
Hemfar 


FDb Cat* 


21b 


L^LJ 

21b 


r ' 

21o 


21 d 


L 
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[H3] 

Radi rector 



PCI/tX 



Inlirtf- 
bard 
card 


i Cache ! 
"* /Save 


Gbits 
Ethernet 
card 










J 




v. 





/ 




[04] 



Rod tree tor 



Xt'J(ilEtQBI) 



j Cache ] 

Irtfirtr- t J|/r- GbJta 

y band J : Ethernet 

llb^ card 11fy | cart 

7—& j 1 — ^~ 

Infinlband^.^-^ / <" ^ 

^™ * — I ReQuest m cwu i 

h 
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